ObjectiveaaThe economic crisis and the implementation of austerity measures in Greece lead to significant socioeconomic changes. The effects of the crisis were mainly felt by the Greek population during the years 2011 and 2012. This study aimed to investigate the impact of Greece's economic crisis on the seasonality of suicides in the Athens Greater Area. ConclusionaaThe economic crisis in Greece, especially in the period during its effects had a significant impact on the population's economic condition, seems to have strengthened the seasonality of suicides, while a noteworthy suicide risk of 96% was revealed for suicides by hanging (peak in early June).
INTRODUCTION
The seasonal variation of suicides has been well documented. 1 However it appears to diminish over time and eventually to disappear, at least in countries of the Western world. 2 A number of theories that attempt to explain the presence or disappearance of the phenomenon of suicide seasonality, with often contradictory conclusions, has been developed. 1 Economic strain can influence suicidality both directly, by increasing poverty and unemployment, and indirectly, as the financial strain increases alcohol consumption and marital discord. 3 There are relatively few studies that examine the effect of the Print ISSN 1738-3684 / On-line ISSN 1976-3026 OPEN ACCESS socio-economic changes in certain countries on suicide seasonality. It is generally suggested that the seasonal variation of deaths by suicide is influenced by changes in the socio-economic conditions. 4, 5 In Greece the seasonal variation of suicides has been well documented through the years. 6, 7 Although the European economic crisis started in 2008, its impact on the Greek population, in terms of unemployment increase and reduced income, has mainly appeared after 2010 when a Memorandum of economic and financial policies was signed and a number of austerity measures was implemented, in order to avert Greece' s default. The effects of the crisis were felt by the Greek population mainly during the years 2011 and 2012. [8] [9] [10] The purpose of the current study is to investigate the possible effect of the economic crisis in Greece on the seasonal variation of suicides in the Athens Greater Area. We hypothesize that suicide seasonality should significantly diminish or even disappear due to the acute and continuous deterioration of the economic situation (in Greece there wasn't a gradual transition but an abrupt change in a relatively short time), which 
METHODS
Data were collected for all recorded cases of suicides committed over a 5-year period (January 1st, 2008 until December 31st, 2012) from the Athens Department of Forensic Medicine. Since the objective of the current research is to investigate the possible effect of the economic crisis in Greece on the seasonal variation of suicides in the Athens Greater Area, two time periods were selected and examined. The former time period was from January 1st, 2008 to December 31st, 2010, when the US banking crisis started to gradually affect the economy in Europe, but without its results being at that time felt in the Greek population. The latter period was from January 1st, 2011 to December 31st, 2012 after Greece' s bailout by the international community in 2010 and the subsequent implementation of austerity measures, which lead to socio-economic changes and affected mental health. 8 The Athens Department of Forensic Medicine covers an area of approximately 40% of Greece's population. Thus, the sample of our study could be considered highly representative of the total population in Greece.
Data collection and evaluation included sociodemographic parameters (age, sex) and characteristics of the suicidal act (method of suicide, date and month). The recognition of all the cases examined was based on autopsy examination, and the incorporation of data as reported to the referral for autopsy medical summaries. The research was approved by the ethics committee of Athens Department of Forensic Medicine.
Descriptive statistics were measured and presented as mean±standard deviation, while the significance of differences was examined using independent Student's t-test. The presence of seasonality and its relationship with sex, age, and method of suicide was estimated with the Poison regression variant of the circular normal distribution. This is a method similar to the Edwards method and provides a reliable estimation of the peak month for suicide, the relative risk (RR) of committing suicide during this month, comparing it with the minimum incidence during the whole year and confidence intervals for these estimates. The method was used as modified by Frangakis and Varadhan 11 while the relevant statistical analysis was carried out using R stats (R Foundation for Statistical Computing, Vienna, Austria). The remainder of the data was statistically analyzed by SPSS (Version 20.0, IBM Corp., Armonk, NY, USA). Statistical significance level was set at p<0.05.
RESULTS
The , while there were no significant differences between male (mean age, 52.16±18.73) and female (mean age, 55.93±18.99) suicide victims with regard to age (t=-1.83, p=0.07). Regarding the latter time period from January 1st, 2011 to December 31st, 2012, 338 suicides were recorded (278 male and 60 female suicide victims, ratio=4.64:1), and no significant differences were observed among male (mean age, 11 Regarding the overall period from 2008 to 2012, significant seasonality with a peak in June was observed, which was established mainly for men, suicide by hanging and individuals aged 45 years or more ( Table 2) .
As regards the period from January 1st, 2008 to December 31st, 2010, significant seasonality was observed with a peak late in the month of May, with confidence intervals April (early)-July (early), while suicide risk was increased by 36% [RR=1.36 (95% confidence intervals 1.0-1.65), p=0.045]. A significant seasonality was noted for individuals aged 45 years or more (p=0.018) with a peak in the month of May as well (late of May) and an increased suicide risk of 56%. It should be noted that statistically significant seasonality was not established either for sex or for any of the suicide methods (Table 2).
Concerning the period from January 1st, 2011 to December 31st, 2012, significant seasonality was established with a peak late in the month of June, with confidence intervals MayJuly (late), while suicide risk was increased by 69% [RR=1.69 (95% confidence intervals 1.27-2.3), p=0.002]. A significant seasonality was also observed for males in the same month (p=0.005), for whom suicide risk was increased by 75%. A significant seasonality was observed for individuals aged 45 years or more (p=0.025) with a peak in the month of July (early of July) and an increased suicide risk of 75%. Regarding the suicide methods, a significant seasonality was established for sui- (Table 2) .
DISCUSSION
This study aimed to investigate the possible effect of the economic crisis on the seasonality of suicides in the Athens Greater Area. The economic crisis and the following implementation of austerity measures in Greece in the middle of 2010 lead to significant increase of unemployment, drop in income, inability to repay debts and closure of many businesses. The effects of the crisis were felt by the Greek population during the years 2011 and 2012. 8, 9 To the best of our knowledge this is the first study to investigate the impact of Greece' s economic crisis on suicide seasonality, as well as one of the few internationally that examines seasonal variation during an economic crisis period. According to our study the seasonality of suicides was confirmed for the total suicide cases examined. Suicide seasonality was present during 2008-2010 and strengthened significantly in 2011-2012. More analytically, regarding the period 2008-2010, significant seasonality was established for the individuals aged 45 years or more, while concerning the period 2011-2012, significant seasonality was observed for males, for individuals aged 45 years or more and for suicide by hanging.
Madianos et al. 12 reported that suicide mortality rates were increased by 55.8% between 2007 and 2011, when the austerity measures were implemented, while the total mortality was increased by only 1.1%. Similar results were reported by Rachiotis et al. 13 who found that the suicide rates overall increased by 35% between 2010 and 2012. As shown in Figure 1 , an increasing tendency of suicide rates in Greece has been found. These results coincide with the findings of recent general population surveys in Greece nationwide, that indicated a substantial increase in the prevalence of suicidal ideation and reported suicide attempts between 2008 and 2011. 9 Other studies have also documented that the number of suicides increased during periods of economic changes compared to those of economic stability. 14, 15 Only a few studies internationally have examined the seasonal variation of suicides during times of economic crisis or economic transition. Although those studies agree that suicide seasonality is established and remains significant, they either support that it has diminished 4, 5 or it has strengthened especially in suicides by hanging. 16 In the present study, the seasonal variation of deaths by suicide appeared significant during the period from 2008 to 2010 and strengthened during the period from 2011 to 2012, when the impact of the austerity measures was increasingly being felt by the Greek society. The results are perfectly comparable with those of our previous study concerning a five-year period from 1996 to 2000, when there was no apparent economic crisis, while the data of that study were also collected from the Athens Department of Forensic Medicine. 7 In that study, a seasonal variation with a peak in late spring-early summer was also established, by using the Frangakis and Varadhan method. 11 It concerned mainly men, individuals aged 45 years or more, and suicides by shooting and hanging.
In comparison with the results of that study, it appears that during the time period between 2011 and 2012, as far as the overall seasonality is concerned the RR increased from 1.32 to 1.69 and the statistical significance from p=0.02 to p= 0.002. Moreover, regarding men, RR increased from 1.41 to 1.75 and the statistical significance from p=0.01 to p=0.005. Concerning suicides by hanging, RR increased from 1.52 to 1.96 with a stable statistical significance (p=0.03). Finally, regarding the individuals aged 45 years or more the RR increased from 1.40 to 1.75 and the significance from p=0.05 to p=0.027.
The findings of the current study did not confirm our initial hypothesis, which was that suicide seasonality should diminish significantly or even disappear due to the acute and continuous deterioration of the economic situation, which should reasonably outweigh the other factors that contribute to seasonality. It may be suggested that this socio-economic situation worsens other factors related to the seasonality of suicide. We could assume some "aspects of anomie" as described by Durkheim 17 that appear in societies where disasters and transition from one state to another take place and which could have an impact on the seasonal pattern of suicide. "Broken hope" and "failed promise" may have increased the risk of suicide; frustration resulting from such broken promises might also explain any rise of suicide in the freshness of spring. 18 These along with the timing of the economic crisis, as well as with poverty which increases the propensity of suicide by means of the association with suicidogenic conditions, such as unemployment, financial stress, family instability, and mental troubles (e.g., depression, poor physical health, alcoholism), 19 might preserve the overall effect of seasonality in incidence of suicide.
Some limitations of our study should be mentioned. The study reports mainly suicides that have occurred in the Athens Greater Area (Prefecture of Attica). Although the latter is the largest urban area of the country and has almost half of the total Greek population, our study should not be considered as nationwide. The time period examined (five years) was rather small. However, it should be noted that our purpose was to study the suicide seasonality mainly during the crisis period. Finally, the recognition of all the suicide cases was based on autopsy examination and the incorporation of data as reported to the referral for autopsy medical summaries, and thus the results should be viewed with relative caution.
In conclusion, it seems that the economic crisis in Greece, especially in the period during its effects had an impact on the economic condition of the citizens with devastating consequences for a significant number of the population, strengthened the seasonality of suicides, while a noteworthy suicide risk of 96% was revealed for suicides by hanging (peak in early June).
